In pregnant albino rats fed a diet containing 40% galactose, sugar crossed the placenta and was found in the blood, urine, and amniotic fluid of the fetuses. Galactose-1-phosphate was also found in fetal brain tissue.
Introduction

Materials and Methods
Symptoms of congenital galactosemia usually become apparent a few days after milk feedings are begun. There is, however, variability in the clinical manifestations of this disorder. The following observations suggest that, in some cases, the disease process begins before birth. Elevated levels of galactose-1-phosphate have been demonstrated in erythrocytes of the cord blood at the time of birth [ll] . Cataracts and hepatic cirrhosis, when present at birth, may not regress after institution of a lactose-free diet [6] . The birth weight of galactosemic infants may average 0.3 kg less than that of their unaffected siblings [6] . Subsequent mental performance may be subnormal even in those patients for whom a treatment with a galactose-free diet is initiated early in life [4, 61. Galactose of maternal origin may be transmitted to the fetus in quantity sufficiently high to have an adverse effect upon the fetus in utero. Women who are heterozygous for the galactosemia gene, although clinically asymptomatic, are known to have impaired galactose tolerance, and it has been recommended that they avoid milk products during pregnancy [15] .
In rats fed high concentrations of galactose during pregnancy, placental transfer of sugar has been demonstrated, and fetal growth retardation, cataracts, and lesions of fetal liver and kidney have been described [l, 12, 13, 141. The effect of galactose toxicity upon the developing brain in the rat fetus is as yet unreported.
The present study examines fetal growth retardation resulting from galactose toxicity in the rat with particular reference to cell number and cell size in the fetal brain. Table I . Details of the Sperm-positive female Holtzman albino rats were used in all experiments. The time of mating was known to within eight hours:' For each experiment, rats were divided into two groups of approximately equal size.
The galactose-fed group was fed a diet [17] of the following composition : casein 27 %, vegetable oil 10 %, USP salt mix XIV 4 %, starch 19 %, galactose 40 %, and vitamin supplements. In most of the experiments, the control group was fed an identical diet, with the exception that galactose was replaced by glucose. I n a few experiments, control rats received standard rat chow. Since the offspring of rats fed these two control diets (CD) were almost identical in size, results of the experiments were combined. All mother rats were weighed at the beginning of each experiment, and an attempt was made to equalize the weights in both the control and the galactose-fed groups. In a number of different experiments, variations were made in the time during which the galactose diet (GD) was fed and in the age of the offspring when examined (table I) . Fetuses of rats fed GD during the latter half of pregnancy were examined on the 18th gestational day (preterm fetuses). Fetuses of other rats fed GD a) throughout pregnancy, b) during the second half of pregnancy only, and c) during the first half of pregnancy only were examined on the 22nd gestational day (term fetuses). Offspring from other groups of rats were born normally, left with their mothers, and subsequently examined at three and ten weeks of age (follow-up groups). Dams of the latter group were fed GD during lactation.
In each experiment, food and water intake and urine excretion of several rats were measured during three- following preliminary fat extraction [5] . Protein (total nitrogen x 6.25) was measured by the Kjeldahl method, and water, by drying the tissues to a constant weight. Galactose concentrations in blood, amniotic fluid, and urine were determined from the difference between total sugar [8] and glucose content [9] . Galactose-l-phosphate analyses of fetal organs were performed on tissues pooled for each litter. Determinations of DNA and protein content were performed on individual organs.
Results
Rats fed GD showed slightly greater increases in body weight (after removal of the fetuses and placentas) from the 2nd to 22nd day of gestation, consumed more food and water, and excreted more urine, when compared with rats fed CD (table 11) . Urinary sugar in galactosefed rats was identified as galactose. When the calculated caloric value of the galactose lost in urine was subtracted from the gross caloric intake, the net intake of calories in both the control and galactose-fed rats was approximately equal. There were no differences between the two groups in litter size, in sex ratio, or in the incidence of gross malformations, abortions, or stillbirths.
In fig. 1 , body and brain weights of offspring of the galactose-fed rats are expressed as percentages of the weights of the corresponding control rats. Retardation offetal body weight was greatest in the preterm fetuses, less in the term fetuses of rats fed GD throughout pregnancy, and least in the term fetuses of rats fed GD during the second half of pregnancy. Weights of the term fetuses of rats fed GD during the first half of pregnancy did not differ significantly from weights of controls. I n the follow-up groups, significant reduction in body weight occurred only in the three-week-old group. Brain weights were decreased significantly in the offspring of all groups of galactose-fed rats and again, the most marked decrease was in the preterm fetuses.
Samples of amniotic fluid, blood, and urine from preterm and term fetuses of rats that received galactose during the second half of pregnancy showed average galactose concentrations of 300, 180, and 500 mg/100 ml, respectively. Concentrations of glucose in blood were in the normal range of 80 mg/100 ml. No galactose was detected in blood or urine of the three-week-old animals.
Chemical Composition of the Brain (table 111)
Galactose-1-phosphate: pooled brains were analyzed from each of five litters of control and galactosemic preterm fetuses and from five litters of term fetuses of rats fed galactose during the second half of pregnancy. In the galactose-fed groups, galactose-1-phosphate was detected, except in one litter of preterm fetuses. None was detected in the three-week-old animals or in the controls. Water: no difference was detected in the water content of brains of offspring of the galactose-fed rats when compared with that of the corresponding controls.
DNA: brains of group (a) term galactosemic fetuses and of the three-week-old animals contained significantly more DNA (percent wet weight) and those of the group (c) term fetuses significantly less DNA, when compared with the content in brains of the respective controls. Total DNA content per brain was significantly less in the preterm and term galactosemic fetuses when compared with that in the respective controls. In the follow-up groups, DNA content per brain was not significantly different from that of controls.
Protein: there were no significant differences in the percentages of protein content in the brains of control and galactose-fed groups. Total protein content per brain in the galactosemic preterm fetuses, however, was significantly less than that in controls, although only six brains were available for analysis. 
Discussion
In the present study, the high concentrations of galactose found in fetal blood, urine, and amniotic fluid and the accumulation of glactose-1-phosphate in the fetal brain confirm the observation that galactose crosses the placenta [12, 141. Offspring of rats fed GD showed growth retardation a t birth, thus confirming the findings of SPATZ and SEGAL [13] . It should be noted that rats fed GD were not also malnourished, since growth retardation in the rat fetus can be produced readily by reduction of maternal food intake, fetal weight at term showing a direct correlation with food intake of the mother [3, 7, 161.
Although the galactose-fed dams had considerable galactosuria and polyuria, these animals remained in good health and appeared to compensate for the galactosuria by eating more. Weight quin was slightly greater during pregnancy, and net caloric intake was similar to that of control rats (table 11) . Urinary galactitol, however, was not measured, and a proportion of the ingested galactose that may have been excreted in this form was thus not considered. Probably, growth retardation was a direct result of the exposure of the fetuses to high concentrations of galactose during gestation. Reduction in body weight, however, did not appear to be permanent. 'Catch up' growth apparently occurred when the young were removed from the effects of galactose, since the 10-week-old animals were not significantly smaller than controls. DNA concentration in brain was difficult to evaluate, since differences between that in brains of galactosemic and control fetuses were not consistent from one group to another. The significantly smaller amount of DNA per brain in the galactosemic fetuses indicated that these brains contained a smaller number of cells compared with the number of cells in the respective control brains. Brains of the galactosemic preterm fetuses also contained less total protein. This fact, together with a slightly lower protein/DNA ratio, which (assuming all the protein is intracellular) gives a measure of the amount of protein per cell, suggests that these brains may also have contained smaller cells compared with those in the brains of controls. Protein/ DNA ratios in the brains of term galactosemic fetuses, however, were similar to those in the brains of controls, suggesting normal cell size. Total DNA content in brains of the 3-and the 10-week-old follow-up groups did not differ significantly from that in brains of controls, indicating a normal cell number. These results suggest that galactose toxicity in the rat fetus interferes with cell replication and cell growth in the developing brain. This effect, however, appears to be partially reversible, since brains of the term fetuses showed less growth retardation than those of preterm fetuses. 
